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ABSTRACT 
Purpose:  The purpose of this investigation was to evaluate the effect of 
mechanical vibration on pain experienced and rate of tooth movement (OTM) during the 
initial alignment phase of orthodontic treatment. 
 Materials and Methods:  Participants were randomly allocated to control, low 
frequency or high frequency.  An electric toothbrush was modified to provide high 
frequency vibration.  A low frequency vibration device was acquired from a commercial 
vendor.   Experimental groups applied vibration to the dentition for 20 minutes daily.  All 
participants completed questionnaires using visual analog scales at five time points.  Pain 
experience was measured in millimeters (mm) with the scale measuring 100 mm in 
length, left hand side at 0 mm.  Rate of alignment was assessed using an Irregularity 
Index of mandibular incisors correlated to days until full alignment of the lower arch. 
Results:  High frequency vibration participants reported significantly less pain at 
4 hours compared to low frequency participants (p=0.0460).  No other significant 
differences for pain were found.  Participants who received low frequency vibration with 
a higher initial irregularity aligned significantly slower than control participants 
(p=0.0107).  No other significant differences in rate of alignment were found. 
 Conclusions: Mechanical vibration significantly reduced the pain experience for 
the high frequency vibration participants compared to low frequency vibration 
participants at one of five time points (4 hours) during the first week of orthodontic 
treatment.  Mean alignment rates did not significantly differ between treatment groups.  
Participants who received low frequency vibration with high initial irregularity aligned 
significantly slower compared to control participants.   
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CHAPTER 1: INTRODUCTION 
 
Pain is the most referenced negative effect of orthodontic treatment, and is a 
major concern to patients as well as clinicians (Oliver & Knapman, 1985, Kluemper et 
al., 2002).  Fearing pain is one of the main reasons that patients are discouraged from 
seeking orthodontic treatment (Oliver & Knapman, 1985).  Pain is often most significant 
immediately following appliance placement (Scheurer et al., 1996).  Studies have shown 
that pain generally increases during the first 24 hours after the appliance has been fitted, 
and then gradually decreases over the following week (Johal et al., 2014, Jones & Chan, 
1992, Otasevic et al., 2006, Pringle et al., 2009, Rahman et al., 2016, Scott et al., 2008).  
Experiencing pain during orthodontic treatment is becoming less and less acceptable to 
patients in today’s world.  Orthodontic pain can affect routine day-to-day activities, 
causes wakeful nights, decreases healthy oral hygiene habits and often requires the use of 
oral analgesics (Johal et al., 2014, Brown & Moerenhout, 1991).  Orthodontic pain has 
the potential to negatively impact some aspects of treatment such as compliance and 
likelihood of completion (Patel, 1992).  About 30% of orthodontic patients consider 
terminating orthodontic treatment early due to the discomfort experienced (Lew, 1993). 
The exact cause of orthodontic pain is not fully understood, and little evidence is 
available to assist in understanding.  Some studies have suggested the pressure, ischemia, 
inflammation and edema that occurs within the periodontal ligament as a result of force 
applied to the teeth produces the pain that is felt (Furstman & Bernick, 1972).  Even 
though there appears to be no direct relationship between the magnitude of force applied 
by the arch wires and pain experienced (Jones & Chan, 1992), application of abnormally 
heavy forces is expected to produce increased pain (Scott et al., 2008). 
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Pain is subjective to each individual experiencing it, and can be altered by 
psychological factors such as anxiety (Otasevic et al., 2006), and environmental factors 
such as being in a medical setting (Fleming et al., 2009).  Objective measurement of pain 
is difficult to ascertain and is typically measured indirectly (Otasevic et al., 2006).  The 
most reliable method to measure pain through a patient’s report is by using a visual 
analog scale (VAS) (Otasevic et al., 2006).   
There have been attempts to reduce orthodontic pain using various modalities.  
Some examples of these include low-level laser therapy (Tortamano et al., 2009), 
transcutaneous electrical nerve stimulation (Roth & Thrash, 1986), and bite wafers 
(Farzanegan et al., 2012).  Evidence exists that vibrational stimulation can be effective in 
providing relief for various types of acute and chronic musculoskeletal pain, sinus pain 
and pain of dental origin (Ottoson et al., 1981).  Vibratory stimulation of the periodontal 
ligament (PDL) has been utilized to help alleviate pain arising when beginning 
orthodontic treatment (Marie et al., 2003). The mechanical vibration is thought to relieve 
pain via increasing vascularity, reducing areas of ischemia and activating large-diameter 
sensory nerve fibers (Marie et al., 2003).   
The purpose of this study is to determine whether mechanical vibration applied to 
the dentition affects the pain experienced by the patients and the rate of alignment during 
the initial stage of orthodontic treatment.  
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CHAPTER 2: LITERATURE REVIEW 
2.1. Bone Biology 
 Mechanical stimulation plays an important role in regulating bone health 
(Herring, 2007).  Bone constantly remodels in response to mechanical loading (Burr et 
al., 2002, Bonewald, 2006).  Osteocytes are the most abundant cell type in human bone 
(Franz-Odendaal et al., 2006) and are known to sense mechanical loading in order to 
regulate remodeling and bone turnover (Knothe Tate et al., 2004).  Osteocytes are found 
within the lacunae inside the bony matrix and primarily function to sense mechanical 
stimulation.  Their dendritic processes communicate with each other through the 
canaliculi, and also with the osteoblasts lining the bone surface (Burger & Klein-Nulend, 
1999).  (Figure 2.1.)  Loading of bone, by muscles or orthodontic forces, creates the 
strain that triggers the mechanotransduction cascade.  The mechanotransduction cascade 
signals the recruitment of osteoclasts and osteoblasts to remove and build bone, 
respectively.  Studies show that osteocytes are necessary to maintain bone mass in 
response to loading, and conversely, without loading, bone is signaled to resorb (Tatsumi 
et al., 2007). 
2.2. Biology of OTM 
Orthodontic tooth movement (OTM) is achieved by constant pressure applied to a 
tooth which causes the alveolar bone around the tooth to model and remodel.  The 
alveolar bone is removed or added to allow the tooth to move incrementally, taking its 
periodontal attachment apparatus along with it (Proffit et al., 2013).  Application of 
orthodontic force against a tooth causes it to shift within the periodontal ligament space 
which bends the alveolar bone and alters the fluid flow through the canaliculi.  
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Osteocytes which reside within the lacunae of the bony matrix sense loads applied to the 
bone.  Osteocytes signal through chemical mediators to recruit and differentiate 
osteoblasts and osteoclasts to add and remove bone, respectively.  When a force is 
applied, distortion of the blood vessels and PDL cells occurs within seconds.  After 
minutes, the blood flow is altered and cytokines and prostaglandins begin to be released.  
Observable tooth movement will not occur for approximately 2 days until the osteoblasts 
and osteoclasts have begun remodeling the tooth socket (Proffit et al., 2013). 
2.3. Vibration and Bone Biology 
Normal exercise and muscle loading produce an anabolic effect on the weight-
bearing bones (Honda et al., 2001, Tanaka et al., 2003).  Mechanical loading of a rat ulna 
resulted in bone apposition on the surface of the bone (Robling et al., 2002).  (Figure 
2.2.a. and b.)  Vibration is one mode of mechanical loading by which bone mass can be 
maintained or increased.  One of the earlier studies to investigate the response of bone to 
vibration was in the distal femur of a sheep.  Rubin, et. al. showed that with small strains 
and low intensity vibration (30 Hz) the bone density increased by 34% (Rubin et al., 
2001).  In 2002, Rubin demonstrated an almost 10% increase in bone volume after whole 
body vibration at 30 Hz for 20 minutes daily in post-menopausal females (Rubin et al., 
2002).  With respect to the oral cavity, the lack of function against alveolar bone due to 
missing teeth causes bone resorption in the edentulous areas (Araujo and Lindhe 2005; 
Cardaropoli et al. 2003).  In rat alveolar bone, it has been demonstrated that the 
application of vibration to molars resulted in reduction of the number of osteoclasts and 
osteoclast surface area, implying that supplemental vibration reduces the ability of bone 
to resorb (Yadav et al., 2016).  In rats, application of high-frequency vibration to the teeth 
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resulted in increased bone volume/tissue volume ratio, and this increase was not limited 
to the area of application (Alikhani et al., 2012).  Mechanical vibration could translate 
across dental arches even if the vibration only physically contacted a few teeth (Liu, 
2010).  
2.4. General Pain   
 Pain, and the ability to control pain, has been a concern for healthcare providers 
and their patients for many years (Kitahata, 1993).  Pain perception, in most cases, is an 
individual’s heightened sense of sensory input from a region of the body where the 
stimuli is occurring (Baranauskas & Nistri, 1998).  In general, pain is an essential process 
that alerts the body of a noxious or unpleasant stimuli (Basbaum et al., 2009).  Whether 
the stimuli is thermal, mechanical or chemical, the peripheral nerve fibers known as 
nociceptors detect the presence and send signals first through the spinal cord and then to 
the brain (Kandel, 2000).  The nervous system will sense and subsequently interpret 
different types of stimuli, which when intense, can elicit a painful response (Basbaum et 
al., 2009).  Persistent stimuli will enhance the signals, and instead of providing a reactive 
response to ensure the individual’s well-being, the response becomes chronic pain 
(Basbaum et al., 2009). 
2.5. Orthodontic Pain  
The cause of pain resulting from orthodontic tooth movement is not entirely clear.  
Furstman and Bernik suggested that periodontal pain was caused by a process of 
pressure, ischemia, inflammation and edema (Furstman & Bernick, 1972).  Burstone 
studied pain caused by orthodontic appliances and noted a wide range of individual 
responses when similar forces were applied clinically.  He identified an immediate and 
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delayed pain response which may be related to the initial compression of the PDL and a 
hyperalgesic response a few hours later (Kraus & Moore, 1962).  The biochemical 
processes of pain perception could be related to substances such as prostaglandins and 
substance P released within the periodontium.  Controlled inflammation of the gingival 
and periodontal tissues during the course of orthodontic treatment could lower pain 
tolerance by inducing tissue hyperalgesia via prostaglandin release (Bonica et al., 1976).  
Prostaglandins sensitize the nociceptors, resulting in long-lasting hyperalgesia and an 
increased pain sensitivity to noxious stimuli (Ferreira et al., 1978).   
2.6. Orthodontic Pain Perception 
Pain is a complex experience that is brought about by noxious stimuli.  The fear 
of potentially experiencing pain as a result orthodontic treatment affects the acceptance of 
patients to pursue treatment (Bos et al., 2005).  A survey by O’Connor rated pain as the 
fourth major fear and apprehension among patients who have yet to start orthodontic 
treatment (O'Connor, 2000).  Patient surveys have also indicated that the amount of initial 
pain experienced can predict the acceptance rate for any additional appliances or 
auxiliaries required to complete full treatment (Sergl et al., 1998).   
Reactions to sensations varies among individuals and can depend on a person’s 
cultural background, previous painful experiences, the level of individual pain threshold 
and the current state of personal stress (Scheurer et al., 1996, Brown & Moerenhout, 
1991, Ngan et al., 1989).  Experience of pain and discomfort is influenced by personal 
values and expectations such as opinion of the initial malocclusion and expectations of 
treatment outcome (Bandura, 1977, Rotter, 1966).  Patients with a higher concern about 
the severity of their malocclusion experienced lower discomfort during treatment (Sergl 
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et al., 1998).  Pain experience does not seem to be directly related to the magnitude of 
force exerted by different arch wires (Jones & Chan, 1992) but depends on the 
psychological well-being of the individual (Brown & Moerenhout, 1991).  
2.7. Current modalities available for pain relief 
 2.7.1 Oral Analgesics  
 Tooth movement is essentially a controlled inflammatory process.  Prostaglandin 
E (PGE) plays an important role in the cascade of signals that lead to the inflammation 
necessary to create tooth movement (Proffit et al., 2013).  Orthodontic forces cause an 
increase in the level of PGE within the periodontal ligament (Krishnan, 2007).  PGE is 
also responsible for the pain experienced during tooth movement (Xiaoting et al., 2010).  
Non-steroidal anti-inflammatory drugs (NSAIDs) are a common class of drugs whose 
mechanism of action is through inhibition of the COX pathway.  NSAIDs are used by 
many orthodontic patients to control the pain; however, they theoretically may interfere 
with OTM.  Pharmaceutically preventing the synthesis of PGE interrupts the controlled 
inflammatory process needed for OTM.  Additionally, other NSAID side effects cited 
include gastric or duodenal ulceration, bleeding disorders, renal insufficiency, asthma, 
allergy, hypertension, congestive heart problems and atherosclerosis.  The ability to 
utilize NSAIDs may be a medical contraindication for some patients (Polat et al., 2005).  
An alternative pain medication, acetaminophen, is an oral analgesic that can be used for 
pain relief.  However, the mechanism of action is within the central nervous system and 
only weakly inhibits pain within the peripheral nervous system (Salmassian et al., 2009, 
Bradley et al., 2007).   
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Recent studies have focused on the effectiveness of pre-emptive analgesic 
administration to decrease the post-operative pain.  Pre-emptive analgesia will block the 
nerve impulses before they reach the central nervous system, thereby preventing the pain 
response (Woolf, 1991).  Pre-emptive administration of ibuprofen at a dose of 400g 1 
hour before separator placement resulted in a significant decrease in pain on chewing at 2 
hours after the procedure (Steen Law et al., 2000).  In addition to the pre-emptive dose, at 
least one or two post-operative doses should be administered for complete pain control 
after orthodontic appointments (Polat et al., 2005).   
A recent meta-analysis concluded that ibuprofen can reduce pain at 2 and 6 hours 
after an orthodontic procedure, however is insignificant at 24 hours when pain is 
traditionally at its peak (Angelopoulou et al., 2012).  In addition, ibuprofen and 
acetaminophen appeared to have equal effects, however the evidence to support this is 
weak (Angelopoulou et al., 2012).  Research supports prescribing NSAIDs for 
orthodontic pain, however the duration of relief and timing of effectiveness is not ideal.  
 2.7.2. Low Level Laser Therapy (LLLT) 
 Low level laser therapy (LLLT) is a new modality and is defined as laser 
treatment in which the energy output is low enough so as not to cause an increase in 
temperature of the treated tissue above 36.5°C, or normal body temperature (Xiaoting et 
al., 2010, Harris, 1991).  (Figure 2.3.)  The energy provided is lower in output and 
intensity, therefore its effects are mainly non-thermal and biostimulatory.  Laser 
analgesia is thought to act through an anti-inflammatory mechanism and have 
regenerative effects on neurons (Okamoto, 1993).  Tortamano investigated the effect of 
LLLT after the first orthodontic arch wire placement and found that the duration and 
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intensity of  pain was less in patients receiving LLLT (Tortamano et al., 2009).  
Similarly, a split-mouth clinical trial measuring the pain experience and rate of canine 
retraction found that with repeated laser treatments the pain scores were significantly 
lower and tooth movement progressed 30% faster (Doshi-Mehta & Bhad-Patil, 2012).  
Pain experience after fitting maxillary molar bands was recorded for all patients where 
one molar received LLLT and the other served as an untreated control.  It was found that 
LLLT significantly reduced orthodontically induced pain at 24 hours after placement 
(Bicakci et al., 2012).  A recent meta-analysis  demonstrated that LLLT was effective in 
reducing the incidence of pain and brought forward the most painful and end-of-pain 
days (He et al., 2013).  Limpanichkul et al. studied the application of LLLT in adult 
patients requiring retraction of maxillary canines into extraction spaces and found no 
significant difference in the average tooth movement.  It should be noted that the energy 
density dosage utilized determines whether the effects are biostimulatory or 
bioinhibitory, and response differences exist between human and animal models. 
Understanding the correlation of energy density dose penetration into soft and hard tissue 
is difficult, and penetration into plate cultures differs from human tissues (Limpanichkul 
et al., 2006).   
2.7.3. Transcutaneous Electrical Nerve Stimulation (TENS) 
Transcutaneous electrical nerve stimulation (TENS) is a form of stimulation-
produced analgesia that is provided using electrodes placed over an area that is painful.  
(Figure 2.4.)  TENS is a method of pain relief applied in multiple areas of medicine, 
including chronic pain and postsurgical pain (Ersek, 1981, Long, 1974, Hymes, 1974).  
The first documented application for dental pain was for treatment of myofascial pain 
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dysfunction (Ersek, 1981).  TENS unit can be intra- or extraorally applied.  Intraoral 
applications can be directly to teeth, gingival tissue or both, with treatment sessions 
lasting for as long as 20 minutes.  Hansson described the effect of high frequency, low 
frequency and placebo TENS on acute oro-facial pain for patients seen in an emergency 
clinic and found that patients receiving the TENS treatment reported an over 50% 
reduction in pain with four reporting complete pain relief (Hansson & Ekblom, 1983).  
Roth and Thrash conducted a study using TENS after orthodontic separator placement.  
They informed the control subjects to assess discomfort during orthodontic treatment and 
the placebo group to assess pain reduction after receiving a mild electrical current that 
was so small they may not feel any sensation at all during application.  They found that 
while the control and placebo groups did not differ at any time point, the TENS group 
reported significantly lower pain than both the control and placebo subjects at 24 hour 
and 48 hour time points (Roth & Thrash, 1986).  No other reports have been published 
using TENS for alleviation of dental pain. 
2.7.4. Photobiomodulation 
 Intraoral photobiomodulation is a type of low-level laser therapy that uses light-
emitting diodes (LED) in the near-infrared range (600-1000 nm) to increase 
mitochondrial metabolism (Dias et al., 2011), wound healing (Silveira et al., 2009) and 
promote angiogenesis (Tuby et al., 2007) in skin, bone, muscle and nervous tissues 
(Zhang et al., 2009).  (Figure 2.5.)  This modality primarily encourages an increase in rate 
of tooth movement, however evidence suggests that lasers in the 800-850 nm range may 
also decrease orthodontic pain (Eslamian et al., 2014, Panhoca et al., 2015).  A study 
measuring the alignment rate in patients receiving daily treatment with an intraoral LED 
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device demonstrated a 2.9 fold increase in average rate of tooth movement compared to 
controls (Shaughnessy et al., 2016).  Photobiomodulation delivery can be provided 
intraorally or extraorally, where the energy output required for extraoral delivery is 
higher due to soft tissue light absorption (Shaughnessy et al., 2016).   
2.7.5. Bite Wafers 
 Proffit believed that as long as light forces were used, the amount of pain 
experienced by patients could be reduced by repetitive chewing of gum or plastic wafers 
within the first 8 hours after appliance activation (Proffit et al., 2013).  He proposed that 
the repetitive chewing motion allows for a brief displacement of the tooth within the 
socket allowing spurts of blood flow to the compressed areas of the PDL which reduces 
the size of the necrotic area that is causing pain (Proffit et al., 2013).  Otasevic studied the 
differences between avoidance of masticating hard foods versus usage of bite wafers 
during painful periods and found that patients asked to use the bite wafers experienced 
increased pain during the first 3 days (Otasevic et al., 2006).  Hwang et al. evaluated the 
effect of bite wafers in reducing pain and found that a majority of patients (56%) reported 
pain relief, however the rest of the subjects reported increased pain after chewing wafers 
(Hwang et al., 1994). 
 2.7.6. Arch wire Composition 
 The composition of the alloy in which the arch wire is manufactured changes the 
amount of force being applied to the teeth.  Light and continuous forces are desirable to 
achieve physiologic tooth movement with minimum pathologic effect on the teeth and 
their surrounding structures (Burstone, 1981, Linge & Linge, 1991).  Conventional NiTi 
(Nitinol) alloy was modified and found to exhibit pseudoelastic behavior, meaning 
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greater deformation causes the wire to undergo a phase transformation that is capable of 
producing lower forces to the malaligned teeth. This stress-induced phase transformation 
is reversed as the tooth aligns allowing the clinician to apply a constant, physiologic force 
as the teeth gain alignment.  An alternative NiTi alloy is one that is thermoelastic and 
exhibits shape memory depending on the temperature of the surrounding environment 
(Kusy, 1997).  The phase change takes place at a temperature just below body 
temperature to ensure full transformation within the oral cavity.  Abdelrahman studied 
pain experienced during initial alignment between three groups: superelastic, 
thermoelastic and Nitinol arch wires.  The author concluded no statistically significant 
differences in pain between the three groups (Abdelrahman et al., 2015).  Fernandes et al. 
found that Nitinol induced a significantly higher pain level at 4 hours after bonding 
compared to superelastic NiTi (Fernandes et al., 1998).  A study comparing superelastic 
NiTi and thermoelastic NiTi found that patients with thermoelastic NiTi experienced 
significantly less pain over the first week of treatment than patients with superelastic 
NiTi (Cioffi et al., 2012) 
 2.7.7. Bracket Design 
 Traditional orthodontic brackets, also known as twin brackets, were designed with 
an open-faced slot where an arch wire is inserted and four wings allowing for ligation.  
Depending on the method of ligation, additional friction can be introduced which may 
prevent the tooth from easily sliding along the wire.  The design of the orthodontic 
bracket has been modified to include a sliding door which opens and closes to allow 
insertion and removal of the orthodontic arch wire.  (Figure 2.6.)  Damon (Damon 3TM, 
Ormco) is one type of self-ligating bracket manufactured with gates that when closed are 
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passive and do not actively engage the arch wire into the slot.  Damon (1998) claims the 
benefit of a passive slot allows for a combination of low-friction and low force using 
superelastic NiTi arch wires which results in more efficient tooth movement and less pain 
(Damon, 1998a, Damon, 1998b).  A clinical trial of Damon 2 brackets compared with 
conventional twin brackets concluded the conventional twin bracket was less 
comfortable, however the pain was recorded only once as either present or absent several 
days after initial bonding (Miles et al., 2006).  This conclusion does not provide a clear 
understanding of the duration or severity of pain.  Pringle conducted a clinical trial 
comparing Damon 3 with a conventional bracket and found that the Damon 3 group 
experienced a mean maximum pain level that was significantly less than the conventional 
twin at all time points (Pringle et al., 2009).  The authors attributed this difference to a 
lower, “biologically compatible” force applied to the teeth, however no exact 
measurement of the amount of force applied was performed, therefore their conclusion 
could not be proven.  Rahman, et. al. studied the pain perception comparing self-ligating 
and conventional brackets and found that the reported pain was statistically higher in the 
self-ligating system, however the authors did not deem this clinically significant (Rahman 
et al., 2016).  Fleming studied pain experiences between a conventional and self-ligating 
bracket and has suggested that pain experienced is independent of the bracket type or 
design (Fleming et al., 2009).   
2.8. Vibration for pain relief 
 The medical profession has utilized vibration for pain relief for decades.  
Vibratory stimulation is a method of pain relief that can be utilized in the comfort of the 
patient’s home at the convenience of their own daily schedule.  The mechanism of pain 
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relief is thought to occur via interaction of the pain impulse transmissions with the large 
diameter sensory fibers (Melzack & Wall, 1965, Handwerker et al., 1975).  Studies have 
shown that superficial and deep cutaneous mechanoreceptors are sensitive to the 
vibratory stimulation (Ferrington et al., 1977, Knibestol & Vallbo, 1970, Lundberg & 
Winsbury, 1960, Vallbo & Hagbarth, 1968).  Lundeberg et. al. studied mechanical 
vibration for acute and chronic musculoskeletal pain of different origins and found that 
69% of patients reported a significant reduction of pain after 45 minutes of stimulation, 
most significantly reduced with moderate pressure and a small probe (Lundeberg et al., 
1984).  To test the placebo effect of vibration utilized for pain relief, a study was 
conducted using patients with chronic pain allocated to vibration or placebo groups.  
Patients using the vibratory unit reported 48% pain alleviation compared to 34% for 
placebo patients (p<0.005) (Lundeberg et al., 1987) 
The use of vibratory stimulation to reduce orthodontic pain was first reported by 
Marie (Marie et al., 2003).  An orthodontist first investigated the use of gentle vibration 
on a patient with recurring complaints of pain after adjustment appointments and found 
the level of pain experienced after vibration was less.  This finding resulted in the 
fabrication of commercial devices that are battery-operated with an attached, flexible 
mouthpiece that provides vibration to all of the teeth.  Other orthodontists tested these 
devices and also showed that with gentle vibration, post-adjustment pain was reduced.  
The theory of pain relief is attributed to re-establishing the blood supply within the areas 
of ischemia produced by orthodontic forces (Scheurer et al., 1996).  It was found that 
once the pain-inducing ischemic response has been established, vibration does not 
provide analgesia and that most patients were not able to tolerate the vibrations once the 
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initial pain set in.  With this finding, it was suggested that vibration should be applied 
prior to initial onset of pain (Marie et al., 2003).   
In 2015, Woodhouse et. al. conducted a clinical trial investigating the effect of 
supplemental vibration provided by a commercial device, AcceleDent Aura®,  on pain 
experienced and amount of oral analgesics consumed during the initial stages of 
orthodontic treatment (Woodhouse et al., 2015b).  (Figure 2.7.)  Within this study, 
subjects were allocated to a control, supplemental vibration or sham-device group and it 
was concluded that vibration did not have a significant effect on orthodontic pain 
experienced, nor did it reduce the amount of oral analgesics the patients consumed 
(Woodhouse et al., 2015b).  Conflicting results were found by Lobre, et. al. in 2016, 
where the same commercial vibrational device was tested to determine effectiveness in 
reducing pain experienced during orthodontic treatment.  Without the addition of a sham 
device to eliminate the placebo effect, the authors concluded that supplemental vibration 
significantly lowered the pain scores for overall pain and biting during the study period 
between the control and vibration groups (Lobre et al., 2016).  A meta-analysis 
comparing pharmacologic and non-pharmacologic methodologies for reducing 
orthodontic pain concluded that the effectiveness of vibrational appliances is only 
supported by a study published in 1981 where the vibrations were applied to the skull, 
specifically the forehead, right and left zygomatic processes and chin, and not the 
dentition directly (Sandhu et al., 2016).  It was stated that the reason for lower 
effectiveness towards pain reduction is due to the vibration being applied to teeth already 
hurting from orthodontic forces (Sandhu et al., 2016). 
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2.9. Measurement of pain in clinical Studies 
 Measuring pain, which is highly subjective, is not easy and relies heavily on 
effective patient-doctor communication (Otasevic et al., 2006).  The clinician is left to 
measure it indirectly by recording the patient’s report of pain, and the most reliable 
method for measuring the perception of pain is using a visual analogue scale (VAS) 
(Otasevic et al., 2006).  The VAS is constructed using a line whose ends have anchors 
and measures intensity by a graduated scale from 0 to 100.  The subject is asked to mark 
a location on the line corresponding to the individual’s opinion according to the question 
being asked.  The distance of the mark from the left end of the scale is then taken to 
represent a numerical score (Xiaoting et al., 2010).  It has been suggested that allowing 
the patients to complete the questionnaires in the comfort of their own home eliminates 
the influences of doctors and the environment.  The VAS also eliminates the difficulty 
that comes with human interpretation and meaning of verbal scales from person to person 
(Ngan et al., 1989).  VAS is one of the most commonly used tools in the measurement of 
perceived discomfort during orthodontic treatment and is simple to use, reliable, 
reproducible and understood by most patients (Melzack, 1983), (Scott et al., 2008). 
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Figure 2.1. Osteocyte with dendritic processes. 
The above scanning electron micrograph displays the extensive network of processes 
which extend from the osteocyte cell body and communicate with neighboring 
osteocytes within the bony matrix. 
(https://www.nasa.gov/sites/default/files/thumbnails/image/mous_osteocyte.jpg) 
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(a)                                                              (b) 
Figure 2.2.a. and b.  Immunofluorescence image of bone apposition due to 
loading.   
In absence of loading, no additional bone was added to the surface (a).  Dynamically 
loading the bone resulted in apposition of bone in the areas subjected to tensile stress 
(b) (Robling et al., 2002). 
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Figure 2.3. Low-level laser therapy intraoral treatment.   
An example image of the laser treatment being applied to the buccal soft tissue during 
canine retraction (Doshi-Mehta & Bhad-Patil, 2012). 
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Figure 2.4. TENS dental application.   
An image of TENS application to the buccal and lingual aspects of the maxillary 
dentition (Roth & Thrash, 1986). 
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Figure 2.5. Photobiomodulation: intraoral usage.  
An example of photobiomodulation therapy applied intraorally via OrthoPulseTM 
(Shaughnessy et al., 2016). 
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(a)                                                                           (b) 
  
Figure 2.6. Self-ligating bracket.   
An example of a self-ligating bracket design where the face of the bracket can be 
opened (a) allowing insertion of the arch wire and closed (b) to engage the arch wire  
(https://vimeo.com/96138120). 
23 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.7. AcceleDent Aura® vibrational device.   
An example image of the low frequency vibration device utilized in both the 
Woodhouse and Lobre clinical trials, taken from the published article by Woodhouse, 
et. al.  (Woodhouse et al., 2015b). 
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CHAPTER 3: SPECIFIC AIMS & RESEARCH HYPOTHESES 
3.1. Statement of the problem 
 Pain is a frequent complaint of the majority of patients undergoing orthodontic 
treatment.  The most commonly used intervention for orthodontic pain is NSAIDs.  
However, the use of NSAIDs is associated with multiple side effects including inhibition 
of orthodontic tooth movement.  Therefore, there is a critical need to develop non-
pharmacological approaches to control pain during orthodontic treatment.  Currently, 
there is conflicting data to support the use of mechanical vibration to reduce the pain 
during orthodontic treatment.  The question then arises, if mechanical vibration has been 
proven to reduce pain in other aspects of medicine, why is it not effective in reducing 
pain during orthodontic treatment?  An electric toothbrush applies mechanical vibration 
to the dentition daily during the brushing of teeth but has not been considered as a 
method to aid in reducing orthodontic pain.  Use of a power toothbrush for the 
application of mechanical vibration to the teeth is an attractive proposition, and if proven 
effective, will eliminate the need to acquire expensive vibrating devices.  Since the 
frequency of the vibration produced by a power toothbrush is higher than other 
commercially available devices, it is imperative to study the effect of different vibration 
frequencies on the reduction of orthodontic pain.  
3.2. Central research hypothesis 
 The central research hypothesis is that the application of different frequencies of 
mechanical vibration reduces the pain experience during orthodontic tooth movement and 
mechanical vibration does not affect the rate of tooth alignment.  Low frequency 
25 
 
vibration will be supplied by a commercial device and high frequency vibration will be 
supplied by an electric toothbrush. 
 The first null hypothesis is there will be no difference in pain experienced during 
orthodontic treatment by control, low frequency or high frequency vibration groups.  The 
second null hypothesis is there will be no difference in the rate of alignment between the 
three groups.   
3.3. Specific aims 
 1) To determine whether mechanical vibration influences pain perception  
2) To determine whether mechanical vibration influences the rate of alignment 
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CHAPTER 4: MATERIALS AND METHODS 
4.1. Study Design 
 This investigation is a prospective, randomized clinical trial.  Patients of the 
Graduate Orthodontic clinic at the University of Nebraska Medical Center College of 
Dentistry between the ages of 10-35 years receiving comprehensive orthodontic treatment 
were eligible for enrollment.  Inclusion criteria included possessing a permanent 
dentition, no medical contraindications or syndromes diagnosed and no routine use of 
NSAID or anti-inflammatory medications.  Participants were randomly assigned to 
control, low frequency and high frequency experimental groups by randomly selecting a 
playing card with a suit that correlated to a treatment group.  After treatment group was 
selected further instructions were given according to the requirement of a vibrational 
device.  Due to the window of opportunity where vibration may influence pain 
experience, participants in the low and high frequency groups were given explicit 
instructions and strong recommendation to complete the first vibration session 
immediately after bonding braces and leaving the clinic.   
Participants had full maxillary and mandibular appliances bonded from first molar 
to first molar with .014-in. NiTi initial arch wires ligated with elastomeric modules and 
cut distal to the first molars.  No auxiliary arches, headgears, bite planes, temporary 
anchorage devices were used during the first week of orthodontic treatment.  All 
participants were instructed to complete the VAS questionnaires across five time points: 
immediately, 4 hours, 24 hours, 72 hours and 1 week following fixed appliance 
placement.  The participants were asked to return the questionnaires at the following 
orthodontic adjustment appointment.    
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4.2. Toothbrush modification 
 Participants assigned to the high frequency vibration group received an Oral-B 
Pro5000 Smart Series 3-D action electric toothbrush (The Procter & Gamble Company, 
Cincinnati, Ohio).  Oral-B reports the Pro5000 Smart Series functions at 8,800 
oscillations/min that converts to 146.67 Hz of vibrational frequency.  A rubber 
mouthpiece (TotalGard Corporation, Teaneck, New Jersey) (Figure 4.1.a. and b.) was 
modified and retrofitted to the metal shank within the brush head portion of the 
toothbrush handle.  A small hole was created by tunneling various sized high-speed burs 
into the mouthpiece where the metal shank of the toothbrush slid into the rubber and fit 
tightly.  When activated, the metal shank transmits vibration into the mouthpiece which is 
then applied to the teeth as the patient bites gently against it.  Participants were instructed 
to use the toothbrush continuously for 20 minutes daily.  
4.3. BitePod 
 The BitePod, a low frequency vibrational device, was obtained from Ortho 
Essentials (OrthoEssentials, Mount Holly, New Jersey) (Figure 4.2.).  The BitePod 
provides 30-40 Hz of vibration through a rubber mouthpiece attached to a 9-volt battery-
operated base.  Participants were instructed to gently bite into the mouthpiece and 
complete one, pre-programmed 20-minute session per day.  
4.4. Questionnaire Design 
 The VAS questionnaire consisted of ten separate visual analogue scales, each 
being 10 cm in length and anchored by brackets indicating opposing opinions or feelings 
(Appendix A).  The questions were shuffled according to their application to pain or 
discomfort.  Due to the absence of a sham-device, the likelihood is increased that the 
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patients assigned to the experimental groups would anticipate a therapeutic effect from 
the supplemental vibration. To reduce the chance of a placebo effect, questions asking 
about topics other than pain were included.  These questions measured lifestyle changes, 
thoughts about alignment of the teeth, ability to brush properly and lip irritation.  Each 
participant was asked to make one small “X” anywhere along each line which indicated 
their feelings about that specific topic.   
4.5. Analysis of pain data 
 The score from each VAS was determined by measuring, in millimeters, the 
distance from the left-hand bracket to the center of the X.  The numerical score ranges 
from 0 to 100.   
4.5.1. Reliability 
In order to assess intra-examiner reliability, 10 randomly selected questionnaires 
were measured a second time. 
4.6. Rate of tooth alignment  
 Analysis of rate of alignment was determined by first calculating the Irregularity 
Index (II) using the plaster cast from beginning of treatment.  The date of initial bonding 
was recorded in the electronic dental records and considered Day 0.  When a .016-in x 
.022-in stainless steel arch wire fit passively into the mandibular arch the teeth were 
considered fully aligned.  The number of days until full alignment were counted. Because 
initial irregularity varied across participants, II was correlated to the total number of days 
needed to fully align.  
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 4.6.1. Little’s Irregularity Index 
Little’s Irregularity Index is a score of the incisor crowding of the mandibular 
anterior teeth.  This scoring method is completed by measuring the linear displacement of 
the anatomic contact points from mandibular canine to canine (Figure 4.3.a. and b).  A 
measurement tool is held parallel to the occlusal plane and the horizontal linear distance 
between contact points is recorded. (Figure 4.4.)  The sum of these five displaced 
contacts is totaled and represents the amount of irregularity within the mandibular 
anterior segment (Little, 1975).  Measurements are obtained using the mandibular plaster 
cast, rather than intraorally, to ensure proper positioning of the measurement tool and 
accurate viewing of the measurement.  Looking down directly onto the cast allows for 
full visualization of the incisal edge.  Reliability of the index requires holding the 
measurement tool consistently parallel to the occlusal plane to ensure measurement of the 
true horizontal distance between contact points. 
4.6.2. Reliability 
In order to determine intra-examiner reliability, 10 randomly selected dental casts 
were measured a second time. 
4.7. Statistical Analysis 
 A power analysis was conducted to determine the sample size needed to detect a 
20 mm difference in VAS scores reported by the three treatment groups.  A minimum of 
12 subjects was proposed to detect a 20 mm difference, given a 7.5 mm standard 
deviation and estimated maximum pain means of 90, 80 and 70, for control, low and high 
groups respectively, with 80% power at a 5% significance level. 
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Spearman’s correlation coefficient was used to determine correlation between 
ability to chew and discomfort while chewing and between discomfort experienced and 
awareness of wearing braces.  The mean, standard deviation and correlation coefficients 
were obtained.  Spearman’s correlation coefficient makes minimal assumptions regarding 
distribution, variance, and linearity of data. 
 Least Squares means with repeated measures was used to analyze data regarding 
pain.  Maximum pain experienced by each treatment group was compared over the five 
time points.  The estimated means, standard error and upper and lower 95% confidence 
limits were obtained for each treatment group at each time point.  Holm-Tukey analysis 
for multiple comparisons was used to determine significant differences in maximum pain 
between treatment groups within each time point.   
 Least Squares means was used to compare the discomfort while chewing by each 
treatment group over the five time points.  The estimated means, standard error and upper 
and lower 95% confidence limits were obtained for each treatment group at each time 
point.  Holm-Tukey analysis for multiple comparisons was used to determine significant 
differences in discomfort while chewing between treatment groups within each time 
point. 
 Least Squares means was used to compare the awareness of wearing braces by 
each treatment group over the five time points.  The estimated means, standard error and 
upper and lower 95% confidence limits were obtained for each treatment group at each 
time point.  Holm-Tukey analysis for multiple comparisons was used to determine 
significant differences in awareness of braces between treatment groups within each time 
point. 
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 Analysis of Covariance (ANCOVA) was done to assess the effect of treatment on 
rate of alignment determined by plotting rate (mm/day) and initial irregularity.  Least 
Squares means was used to analyze the rate of alignment depending on initial irregularity.  
Low, low-moderate, moderate and high irregularity index values were used to make 
direct comparisons of rate among the three treatment groups.  The estimated means, 
standard error and upper and lower 95% confidence intervals were obtained for each 
treatment group for each of the four selected initial irregularity values.  A survival 
analysis was used to determine differences in survival rates between treatment groups.   
 Multiple regression analysis was done to determine effect of age, gender, initial 
irregularity and treatment group on maximum pain experience. 
 Pearson correlation coefficient was used to determine intra-examiner reliability.   
 The statistical analysis software utilized was Statistical Analysis Software (SAS 
Version 9.4, Cary, NC). 
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      (a)                                                                          (b) 
                         
Figure 4.1.a and b. Mouthpiece attachment (a) and full high frequency vibration 
device (b). 
Participants assigned to the high frequency vibration group were instructed to use an 
electric toothbrush modified with an elastomeric mouthpiece to provide 
approximately 150 Hz of supplemental vibration to the dentition for 20 minutes daily.  
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Figure 4.2. BitePod low frequency vibration device. 
Participants assigned to the low frequency vibration group were instructed to use 
the BitePod device to provide approximately 30 Hz of supplemental vibration to 
the dentition through an elastomeric mouthpiece for 20 minutes daily.  
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(a)  
                               
(b)  
 
Figure 4.3.a. and b. Little’s Irregularity Index measurement technique. 
The measurement technique involves making linear measurements of the distance 
from anatomic contact point to adjacent anatomic contact point of the mandibular 
anterior teeth.  These five measurements are summated to indicate irregularity 
(Little, 1975). 
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Figure 4.4. Irregularity Index linear measurement.   
For the most accurate measurements possible, linear measurements are made by 
viewing the mandibular stone cast directly from above with the tool placed parallel to 
the occlusal plane (Little, 1975). 
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CHAPTER 5: RESULTS 
5.1. Subjects 
 A total of 36 participants were eligible for the study, one declined participation.  
35 participants were included for random assignment: 12 controls, 11 low frequency and 
12 high frequency (males = 13; females = 22).  The mean age at baseline for the whole 
sample was 13.49 years (S.D. 3.53); mean ages were 13.33 years (S.D. 1.57), 13.9 years 
(S.D. 5.84) and 13.25 years (S.D. 2.22) for control, low and high frequency participants, 
respectively (Table 5.1.)  One low frequency device stopped functioning after one usage, 
therefore that participant joined the control group totaling 13 controls.  One high 
frequency participant dropped out due to inability to tolerate the vibration.  Four control 
participants and one high frequency participant failed to complete the questionnaires or 
lost the paper work.  29 participants successfully completed questionnaires.   The final 
number of participants per group included for pain data was: 9 controls, 10 low frequency 
and 10 high frequency (males = 10; females = 19).  The mean initial irregularity for the 
whole sample was 6.31 mm (S.D. 4.3) with a range of 2-18 mm; mean irregularity was 
5.88 (range 2.5-18), 6.85 (range 2-15) and 6.33 (range 2-15) for control, low and high 
frequency participants, respectively (Table 5.1.).  28 participants completed full 
alignment during the time this study was conducted and were included in the rate of 
alignment data.  The final number of participants per group for rate of alignment data 
was: 9 controls, 9 low frequency and 10 high frequency (males = 9; females = 19) (Figure 
5.1.) 
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5.2. Ability to chew vs. Discomfort while chewing correlation 
 The relationship between the participants’ ability to chew food and discomfort 
while chewing was analyzed.  The Pearson correlation coefficient was 0.775 indicating a 
strong, positive linear relationship.  The relationship is significantly different from zero 
(p<0.0001). 
5.3. Pain experienced vs. Awareness of wearing braces correlation 
 The relationship between participants’ reported pain being experienced and their 
awareness of wearing braces was analyzed.  The Pearson coefficient was 0.508 indicating 
a moderate, positive linear relationship.  The relationship is significantly different from 
zero (<0.0001). 
5.4. Overall trend of maximum pain   
 The average pain experienced by all participants was calculated and plotted to 
determine the trend over the five time points.  Time is a significant variable affecting pain 
experience (p<0.0001).  The maximum pain at each time point is significantly different 
from zero (p<0.0001).  Reported means increased from baseline value of 43.9 (95% CI 
34.6 to 53.2) to four hours 66.9 (95% CI 57.6 to 76.3), a peak at 24 hours of 67.4 (95% 
CI 58.1 to 76.7), and steadily decreased at 72 hours 49.3 (95% CI 39.7 to 58.9) and 1 
week 24.4 (95% CI 14.4 to 34.5).  (Figure 5.2.)  All time points differed significantly 
from each other except: 1) baseline to 72 hours, 2) 24 hours to 72 hours.  
5.5. Pain experience and supplemental vibration 
 The difference in maximum pain experienced between treatment groups within 
each time point was investigated. The averages with standard deviations are included in 
Table 5.2.  One time point showed a significant difference in maximum pain for high and 
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low frequency participants only.  At 4 hours, high frequency participants reported 
significantly lower maximum pain experienced 51.4 (95% CI 35.59 to 67.27) compared 
to low frequency participants 78.8 (95% CI 62.94 to 94.63) (p = 0.0460).  No other time 
points showed a significant difference in pain between the three treatment groups. (Figure 
5.3.a. and b.) 
5.6. Experience of discomfort while chewing 
 The average discomfort while chewing for all participants was calculated and 
plotted to determine the overall trend across the five time points.  Time is a significant 
variable affecting discomfort while chewing (p<0.0001).  A statistically significant 
increase in discomfort was experienced over the first 24 hours with the peak discomfort 
while chewing occurring at 24 hours 81.3 (95% CI 71.48 to 91.13) (p<0.0001).  
Discomfort while chewing significantly decreased at 72 hours 64.1 (95% CI 54.0 to 
74.19) (p=0.0153) and significantly decreased further at 1 week 29.58 (95% CI 19.04 to 
40.12) (p<0.0001). (Figure 5.4.) 
5.7. Discomfort while chewing and supplemental vibration 
 The difference in discomfort while chewing between treatment groups within 
each time point was investigated.  The averages and standard deviations are reported in 
Table 5.3.  No statistically significant differences were found between treatment groups 
at any of the five time points. (Figure 5.5.a. and b.)   
5.8. Awareness of braces during treatment 
 The average awareness of wearing braces for all participants was calculated and 
plotted to determine the overall trend across the five time points.  Time is a significant 
variable affecting awareness of braces (p<0.0001).  Awareness of braces did not 
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significantly differ from baseline 76.66 (95% CI 66.44 to 86.87) to 24 hours 75.76 (95% 
CI 65.54 to 85.98) but significantly decreased from 24 hours to 1 week 34.05 (95% CI 
23.14 to 44.95) (p<0.0001). (Figure 5.6.) 
5.9. Awareness of braces and supplemental vibration 
 The difference in awareness of braces between treatment groups within each time 
point was investigated.  The averages and standard deviations are reported in Table 5.4.  
At 24 hours, high frequency participants reported significantly less awareness of braces 
48.84 (95% CI 31.46 to 66.22) compared to both low frequency 94.88 (95% CI 77.5 to 
112.26; p = 0.0010) and control group participants 83.56 (95% CI 65.24 to 101.87; 
p=0.0205).  At 72 hours, high frequency participants reported significantly less awareness 
of braces 30.83 (95% CI 12.77 to 48.89) compared to low frequency 70.1 (95% CI 52.04 
to 88.17; p=0.0084) and control group participants 79.18 (95% CI 60.86 to 97.49; 
p=0.0010).  At 1 week, high frequency participants reported significantly less awareness 
of braces 13.72 (95% CI -4.51 to 31.95) compared to control group participants 48.12 
(95% CI 28.0 to 68.25; p=0.0362). (Figure 5.7.a. and b.) 
5.10. Rate of alignment and supplemental vibration 
 The mean rate of alignment for control (0.058 mm/day), low frequency vibration 
(0.045 mm/day) and high frequency vibration (0.048 mm/day) were not significantly 
different.  Using ANCOVA, the rate of alignment (mm/day) and initial irregularity were 
plotted and a regression line was fit for each treatment group. (Figure 5.8.)  The slopes of 
the lines were not significantly different (p=0.0511). However, due to the proximity of 
the p-value to α = 0.05 significance level, it could be concluded that the lines have 
unequal slopes. 
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Due to the p-value nearing statistically significant, treatment effect on rate was 
tested further.  Irregularity values of 2, 4, 7 and 15 were chosen to designate low, low-
moderate, moderate and high irregularities to compare rates at specific irregularities 
between the treatment groups.  The means and 95% confidence intervals for each 
treatment group are reported in Table 5.5.  At 2, 4 and 7 mm of initial irregularity, the 
rates of alignment were not significantly different between treatment groups. (Figures 
5.9., 5.10., 5.11.)  At a higher irregularity of 15 mm, the participants who received low 
frequency vibration aligned significantly slower compared to controls (p=0.0107). 
(Figures 5.12.)   
A survival analysis was completed and found evidence of a significant difference 
among the survival curves for the three treatment groups.  Log-Rank test indicated a 
significant difference in survival between the control group and low frequency vibration 
group (p=0.0191). (Figure 5.13.) 
5.11. Multiple regression analysis 
 Multiple regression analysis indicated that accounting for all factors there were no 
significant differences between treatment groups for pain experience. (Table 5.6.) 
5.11. Intra-observer reliability 
 Intra-observer reliability was calculated using the Pearson correlation coefficient.  
Pain questionnaire data repeated measures had a coefficient value of 0.99 for all ten VAS 
questions.  Irregularity Index repeated measures had a coefficient value of 0.98. 
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Figure 5.1. CONSORT flow diagram of participants through each stage of the trial. 
Note that data were lost for analysis of pain due to failure to complete or return 
questionnaires.  Due to the time constraints to complete this study, two participants were 
unable to achieve full alignment before the conclusion of data collection. 
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arch wire [n=9] 
Failed to complete 
alignment [n=0] 
Analyzed after 16x22 SS 
arch wire [n=9] 
Failed to complete 
alignment [n=1] 
Analyzed after 16x22 SS 
arch wire [n=10] 
Failed to complete 
alignment [n=1] 
E
n
ro
ll
m
en
t 
A
ll
o
ca
ti
o
n
 
F
o
ll
o
w
-u
p
 
A
n
al
y
si
s 
Randomized [n=35] 
Assessed for eligibility [n=36] 
Follow-up after appliance 
placement [n=11] 
Drop-out [n=1] 
42 
 
 
 
 
 
 
 
 
 
Table 5.1. Baseline demographics and characteristics of randomized groups. 
 
 
 
 
 
 
 
 
 
 
 
Characteristic Total 
(n=35) 
Control 
(n=12) 
Low 
(n=11) 
High (n=12) 
Age (years)-- mean ± 
S.D. 
13.49 ± 3.53 13.33 ± 1.57 13.9 ± 5.84 13.25 ± 2.22 
Gender: M/F 13/22 4 / 9 3 / 7 6 / 6 
Irregularity (mm)-- [range] 
Baseline  6.31 [2-18] 5.88 [2.5-18] 6.85 [2-15] 6.33 [2-15] 
43 
 
 
 
 
 
 
 
 
Maximum Reported Pain (mean ± S.D.) 
  0 4 hr 24 hr 72 hr 1 wk 
Total (n=29) 43.93 ± 4.7 66.94 ± 4.7 67.39 ± 4.7 49.29 ± 4.85 24.41 ± 5.1 
Control 
(n=9) 41.03 ± 8.42 70.61 ± 8.42 73.94 ± 8.42 49.02 ± 8.42 23.66 ± 9.47 
Low (n=10) 52.51 ± 7.99 78.79 ± 7.99 65.89 ± 7.99 58.38 ± 8.39 21.73 ± 8.43 
High (n=10) 38.25 ± 7.99 51.43 ± 7.99 62.35 ± 7.99 40.47 ± 8.39 27.85 ± 8.43 
 
Table 5.2. Reported maximum pain across all time-points from each patient 
subgroup (control participants, participants who received low frequency vibration 
and participants who received high frequency vibration).  Reported as mean ± S.D. 
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Discomfort While Chewing (mean ± S.D.) 
 0 4 hr 24 hr 72 hr 1 wk 
Total (n=29) 37.16 ± 4.95 71.43 ± 4.95 81.30 ± 4.95 64.1 ± 5.09 29.58 ± 5.31 
Control (n=9) 37.96 ± 8.87 73.47 ± 8.87 91.04 ± 8.87 76.14 ± 8.87 37.65 ± 9.85 
Low (n=10) 46.04 ± 8.41 78.18 ± 8.41 77.28 ± 8.41 65.36 ± 8.79 20.46 ± 8.86 
High (n=10) 27.49 ± 8.41 62.64 ± 8.41 75.59 ± 8.41 50.76 ± 8.79 30.64 ± 8.86 
 
Table 5.3. Reported discomfort while chewing from each patient across all time-
points and separated into control participants, participants who received low 
frequency vibration and participants who received high frequency vibration.  
Reported as mean ± S.D. 
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Awareness of braces (mean ± S.D.) 
  0 4 hr 24 hr 72 hr 1 wk 
Total (n=29) 76.66 ± 5.13 77.87 ± 5.13 75.76 ± 5.13 60.04 ± 5.13 34.05 ± 5.48 
Control 
(n=9) 81.92 ± 9.2 80.88 ± 9.2 83.56 ± 9.2 79.18 ± 9.2 48.12 ± 10.13 
Low (n=10) 81.29 ± 8.72 86.03 ± 8.72 94.88 ± 8.72 70.10 ± 9.08 40.29 ± 9.16 
High (n=10) 66.76 ± 8.72 66.69 ± 8.72 48.84 ± 8.72 30.83 ± 9.08 13.72 ± 9.16 
 
Table 5.4. Reported awareness of braces from each patient across all time-points 
and separated into control participants, participants who received low frequency 
vibration and participants who received high frequency vibration.  Reported as 
mean ± S.D. 
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Figure 5.2. Trend of maximum pain averaged for all participants at each time 
point. 
The reported pain scores by all participants were averaged at each time point.  The 
general curve displayed shows an increase to peak reported pain at 24 hours with a 
steady decrease over the following week after appliance placement. 
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Figure 5.3.a. Maximum pain experience and supplemental vibration. 
The reported pain scores were averaged and separated according to treatment 
group.  Participants who received high frequency vibration show, in general, lower 
VAS scores compared to participants who received no vibration or low frequency 
vibration.  At 4 hours, participants who received high frequency vibration reported 
significantly lower pain compared to participatns who received low frequency 
vibration.  No other time points exhibited statistically significant differences in 
pain. 
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Figure 5.3.b. Maximum pain experience and supplemental vibration.  
(including significance) 
The reported pain scores were averaged and separated according to treatment group.  
At 4 hours, participants who received high frequency vibration reported significantly 
lower pain compared to participants who received low frequency vibration 
(p=0.0460).  No other time points were statistically significant for differences in pain 
comparing control vs. participants who received high frequency vibration, control vs. 
participants who received low frequency vibration, or participants who received low 
vs. high frequency vibration. 
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Figure 5.4. Overall trend of discomfort while chewing for all participants at 
each time point. 
The reported discomfort scores all participants were averaged at each time point.  
The general curve displayed shows an increase to peak reported pain at 24 hours 
with a steady decrease over the following week after appliance placement. 
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Figure 5.5.a. Discomfort while chewing and supplemental vibration. 
The reported discomfort scores were averaged and separated according to treatment 
group.  In general, participants who received high frequency vibration reported VAS 
scores that were lower than control participants or participants who received low 
frequency vibration.  No significant differences in discomfort while chewing were 
found when comparing controls vs. participants who received low frequency 
vibration, controls vs. participants who received high frequency vibration, or 
participants who received low vs. high frequency vibration.  
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Figure 5.5.b.  Discomfort while chewing and supplemental vibration. 
(including significance) 
The reported discomfort scores were averaged and separated according to treatment 
group.  No significant differences in discomfort while chewing were found when 
comparing controls vs. participants who received low frequency vibration, controls 
vs. participants who received high frequency vibration, or participants who 
received low vs. high frequency vibration.  
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Figure 5.6. Overall trend of awareness of braces for all participants at each time 
point. 
Immediately following appliance placement, average awareness scores for all 
participants was significantly different than zero (p<0.0001).  Over the first week 
following appliance placement, participants become less aware of wearing braces and 
show a decrease in awareness scores.  At one week, awareness scores remained 
significantly different than zero (p<0.0001).  
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Figure 5.7.a. Awareness of braces and supplemental vibration. 
The reported awareness scores were averaged and separated according to 
treatment group.  In general, participants who received high frequency vibration 
reported VAS scores that were lower than control participants or participants who 
received low frequency vibration.  Participants who received high frequency 
vibration reported significantly less awareness of braces compared to participants 
who received low frequency vibration at 24 hours (p=0.0010) and 72 hours 
(p=0.0084) after appliance placement.  Participants who received high frequency 
vibration reported significantly less awareness of braces compared to control 
participants at 24 hours (0.0205), 72 hours (p=0.0010) and 1 week (p=0.0362).  
No time point was statistically significant comparing control participants and 
participants who received low frequency.  
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Figure 5.7.b. Awareness of braces and supplemental vibration. 
(including significance) 
The reported awareness scores were averaged and separated according to treatment 
group.  Participants who received high frequency vibration reported significantly 
less awareness of braces compared to participants who received low frequency 
vibration at 24 hours (p=.0010) and 72 hours (p=0.0084) after appliance 
placement.  Participants who received high frequency vibration reported 
significantly less awareness of braces compared to control participants at 24 hours 
(p=0.0205), 72 hours (p=0.0010) and 1 week (p=0.0362).  No time point was 
statistically significant comparing control participants and participants who 
received low frequency.  
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Analysis of rate and supplemental vibration 
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Figure 5.8. Analysis of rate and supplemental vibration.   
A regression line was fit for each treatment based on rate of alignment 
(mm/day) and initial irregularity.  The slopes of the regression lines 
were not statistically different (p=0.0511).  
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Alignment rates at 2 mm initial irregularity 
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Figure 5.9. Alignment rates at 2 mm initial irregularity.   
No significant difference in rate of alignment was found between 
treatment groups with an initial irregularity of 2 mm. 
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Alignment rates at 4 mm initial irregularity 
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Figure 5.10. Alignment rates at 4 mm Initial Irregularity.   
No significant difference in rate of alignment was found between 
treatment groups with an initial irregularity of 4 mm. 
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Alignment rates at 7 mm initial irregularity 
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Figure 5.11. Alignment rates at 7 mm Initial Irregularity.   
No significant difference in rate of alignment was found between 
treatment groups with an initial irregularity of 7 mm. 
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Alignment rates at 15 mm initial irregularity 
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Figure 5.12. Alignment rates at 15 mm Initial Irregularity.   
Participants who received low frequency vibration aligned at a 
significantly lower rate compared to control participants (p=0.0107). No 
significant difference was found comparing participants who received high 
frequency vibration and controls or high frequency vibration compared to 
low frequency vibration. 
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Survival analysis with supplemental vibration 
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Figure 5.13. Survival analysis with supplemental vibration.  
Survival rates were significantly different for participants who 
received low frequency vibration and control participants 
(p=0.0191).  No significant differences in survival were found for 
participants who received high frequency vibration compared to 
control or high frequency vibration compared to low frequency 
vibration.   
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Alignment rate with initial irregularity (mean, 95% CI) 
 2 mm  4 mm 7 mm 15 mm 
Control (n=9) 0.030  
(0.012, 0.044) 
0.044  
(0.033, 0.056) 
0.066 
(0.054, 0.077) 
0.12 
(0.098, 0.148) 
Low (n=9) 0.035  
(0.008, 0.045) 
0.040  
(0.027, 0.054) 
0.048 
(0.037, 0.059) 
0.069 
(0.046, 0.093) 
High (n=10) 0.026  
(0.018, 0.053) 
0.038 
(0.026, 0.049)  
0.055 
(0.038, 0.071) 
0.10 
(0.044, 0.156) 
 
 
 
 
 
 
 
 
 
 
Table 5.5.  Mean alignment rate with initial irregularity.  Mean rate of alignment 
(mm/day) depending on initial irregularity index separated by treatment group. 
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Multiple regression analysis for maximum pain experience 
Factor Coefficient (95% CI) P-value 
Female  -6.4249 (-22.7474, 9.8976) 0.4238 
Male Reference  
Age 0.5960 (-1.4129, 2.6049) 0.5454 
Irregularity  -0.9681 (-2.7504, 0.8142) 0.2727 
Control  2.2808 (-15.7430, 20.3046) 0.7958 
High -14.8855 (-32.7665, 2.9954) 0.0985 
Low Reference  
 
 
 
 
 
 
 
 
 
Table 5.6.  Multiple regression analysis for maximum pain experience.  Multiple 
regression analysis indicated that no variable was statistically significant. 
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CHAPTER 6: DISCUSSION 
6.1. Power Analysis 
 The initial power analysis was completed using estimated treatment means and 
standard deviation.  Lobre, et. al. displayed graphically the reported differences in initial 
pain VAS scores as roughly 50 and 30 in control and vibration groups, respectively 
(Lobre et al., 2016).  This information provided the rationale for an estimated clinically 
significant VAS score difference of 20 mm.  Alternatively, Fleming, et. al. utilized a 10 
mm VAS score difference with a 12 mm standard deviation to determine the sample size 
necessary for power (Fleming et al., 2009).  In the present study, the estimated 20 mm 
VAS score difference used in the power analysis varied greatly from the actual 
statistically significant maximum pain VAS score difference of 27 mm.   
6.2. Ability to chew vs. Discomfort while chewing correlation 
 The results of this study indicated a strong, positive relationship between the 
participants’ ability to chew and the amount of discomfort experienced while chewing.  
This suggests that the participant has difficulty chewing food due to the discomfort of the 
teeth and not only to the physical interferences of the newly bonded orthodontic brackets.  
Similarly, Otasevic, et. al. found that 51% of subjects experienced difficulty or pain 
while chewing the first week of orthodontic treatment (Otasevic et al., 2006).   
6.3. Pain experienced vs. Awareness of wearing braces correlation 
 A moderate, positive relationship was found between participants reporting pain 
and being aware of wearing braces.  Anecdotal comments from patients have indicated 
that wearing orthodontic brackets is a new and different experience where the mere 
presence of a bulky bracket causes lip irritation, lip fullness, etc.  Scheurer, et. al included 
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questionnaire items that inquired about lip, tongue and facial pain during initial stages of 
orthodontic treatment and found that a similar curve of pain and discomfort for gums, lips 
and tongue as pain arising from orthodontic tooth movement (Scheurer et al., 1996).  
Brown and Moerenhout reported that pain arising within the first 48 hours from 
orthodontic treatment significantly influenced daily activities such as school work and 
social activities (Brown & Moerenhout, 1991).  Additionally, the patients reported being 
most strongly affected during the first two days of treatment (Brown & Moerenhout, 
1991).  The results of this study indicated that, in addition to the normal adaptation to 
bonded brackets, the participants are aware of wearing braces due to tooth discomfort.  It 
could be concluded that because participants experience discomfort and are constantly 
aware of the presence of fixed appliances that their daily activities may also be affected. 
6.4. Overall trend of maximum pain  
 All participants, across all treatment groups, displayed a trend for maximum pain 
experience over time which showed an increase from baseline to a peak at 24 hours, and 
a decrease to below baseline levels at 1 week. (Figure 5.3.)  This trend mimics what has 
been reported by previous studies where a peak in pain experience occurs at 24 hours 
after appliance placement and a gradual decrease to baseline over the following week 
(Johal et al., 2014, Abdelrahman et al., 2015, Jones & Chan, 1992).  This finding is 
important in that it shows that the participants in this study experienced a similar, normal 
biological response to orthodontic tooth movement.   
6.5. Pain experience and supplemental vibration 
 Of the five time points investigated, only one time point showed a statistically 
significant difference in pain experience between two of the three treatment groups.  At 4 
65 
 
hours, participants who received high frequency vibration reported an average of 51.4 
mm which was 27.4 mm less than the participants who received low frequency vibration 
(average of 78.8 mm).  Figure 5.4. shows the high frequency group in general reported 
lower VAS scores for pain experience over time, however the differences in these values 
were not statistically significant with the exception of time point 2, 4 hours, as discussed 
previously.   
 A difference in VAS scores of 27 mm or greater was determined to be large 
enough to be statistically significant.  It is possible that with a larger sample size and 
similar participant reporting, VAS values that are closer together would produce 
statistically significant pain scores at other time points.  While 27 mm was determined to 
be statistically significant, a smaller VAS difference may be considered a clinically 
significant reduction in pain experience. 
 Overall, the results of this study concluded that the application of supplemental 
vibration did not significantly decrease the pain experience for the treatment groups.  
Similarly, Miles et. al. demonstrated that with daily use of a vibrational device there is no 
clinical advantage in relieving discomfort during orthodontic treatment (Miles et al., 
2012).  Additionally, Woodhouse, et. al. concluded a vibrational device provided no 
significant reduction in orthodontic pain during initial alignment (Woodhouse et al., 
2015b).  In contrast, Lobre, et. al. concluded that subjects utilizing a vibration device 
reported significantly lower pain scores compared to controls (Lobre et al., 2016).   
6.6. Experience of discomfort while chewing 
 The overall trend of all participants, across all treatment groups, for discomfort 
while chewing showed the same increase, peak high at 24 hours, and decrease over the 
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following week as the overall pain experience curve. (Figure 5.5.a.)   As the participants 
experienced increasingly more pain, the discomfort while chewing increased.  A similar 
trend was found by Ngan, et. al. where chewing and biting pain, indicated by a 
discomfort index, displayed a pain curve with increases up to 24 hours and a decrease to 
pretreatment levels by 1 week (Ngan et al., 1989).   
6.7. Discomfort while chewing and supplemental vibration 
 The general trend mentioned above for all participants is again seen for all three 
treatment groups separately.  No significant differences were found when comparing 
discomfort levels while chewing between treatment groups.  A peak in discomfort while 
chewing is noted at 24 hours for the control and high frequency groups, whereas the low 
frequency group reported peak discomfort while chewing at 4 hours.  Regardless of 
experimental group, participants experienced a greater discomfort chewing food as their 
pain experience increased.   
6.8. Awareness of braces during treatment 
 The results of this study showed that immediately following the bonding 
appointment until 24 hours, the participants on average reported a greater awareness of 
wearing braces.  After 24 hours, the awareness decreased over the following week but did 
not fully reach zero.  This suggests that the patients go through an adaptation period and 
by one week into treatment, they become significantly less aware of their braces.  Brown 
and Moerenhout stated that patients were most strongly affected by fixed appliances 
during the first two days of treatment (Brown & Moerenhout, 1991).  It could be 
suggested that the awareness of braces decreases due to the initial pain experience 
subsiding, in addition to adaptation to the lip posture and tissue callusing from irritation.   
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6.9. Awareness of braces and supplemental vibration 
 Participants in the control group reported a steady awareness wearing braces, then 
it started to decrease.  Participants who received low frequency vibration reported an 
increase in awareness until 24 hours, after that it significantly decreased over the 
following week.  Participants who received high frequency vibration reported a lower 
awareness overall compared to both control and low frequency participants at all five 
time points.  Participants who received high frequency vibration remained aware of 
wearing braces for the shortest amount of time, for the first 4 hours, where it then 
decreased over the following week.  At three time points, 24 hours, 72 hours and 1 week 
after placement of appliances, participants in the high frequency vibration group were 
significantly less aware of wearing braces compared to the control group.  At two time 
points, 24 hours and 72 hours after appliance placement, participants in the high 
frequency vibration group again were significantly less aware of wearing braces 
compared to low frequency group participants.  The results of this study suggested that 
high frequency mechanical vibration played a role in reducing the patient’s awareness of 
wearing braces.   
6.10. Rate of alignment and supplemental vibration  
 The results of this study found no significant difference in mean alignment rates 
represented by the slopes of the regression lines for each of the three treatment groups 
(p=0.0511).  However, the p-value is nearly significant and visually the regression lines 
appear to have varying slopes, therefore it could be concluded that the slopes do in fact 
differ.   
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In order to better compare alignment rates accounting for initial irregularity, a low 
(2 mm), low-moderate (4 mm), moderate (7 mm) and high (15 mm) initial irregularity 
value was selected and the alignment rate was analyzed.  The alignment rates at 2, 4 and 
7 mm did not differ significantly between the three treatment groups.  At an initial 
irregularity of 15 mm, participants who received low frequency vibration aligned 
significantly slower compared to control participants (p=0.0107).  In addition to 
alignment rates, an analysis of survival was conducted and found that low frequency 
vibration participants aligned significantly slower compared to control participants 
(p=0.0191).  No significant difference in survival was found for low frequency vs. high 
frequency vibration or control vs. high frequency vibration.   
These results agree with a study by Woodhouse, et. al. where the effect of 30 Hz 
of vibration compared to a sham device group and control group found no evidence that 
supplemental vibration could significantly increase the rate of initial tooth movement 
orthodontic alignment or reduce the amount of time to full alignment (Woodhouse et al., 
2015a).  Similarly, Miles, et. al. showed the same percentage reduction in irregularity 
over 10 weeks for both the control group with fixed appliances alone and subjects using a 
device that provided 111 Hz of supplemental vibration in addition to fixed appliances, 
demonstrating vibration did not accelerate tooth movement (Miles et al., 2012).   
6.11. Limitations of the study 
 6.11.1 Compliance 
 This study required patient participation and cooperation following the guidelines 
for device utilization and questionnaire completion set by the investigator.  The majority 
of patients recruited were adolescents and introduces the potential for non-compliance 
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with daily device usage.  Efforts were made to heavily reinforce the importance of 
complying with daily 20 minute programmed usage of the vibrational devices.  However, 
no additional tools or efforts were made to verify whether the patients were in fact using 
the device daily as instructed.   
 Additionally, participants were made aware that the first usage of the vibrational 
devices needed to be completed immediately after the bonding appointment.  Delaying 
the first usage allows the initial onset of pain.  Therefore, any participant who failed to 
comply with immediate usage may have allowed the initial pain experience to occur and 
prevented any proposed therapeutic effect from the supplemental vibration. 
6.11.2. Lack of sham device 
A patient believing that a certain treatment may provide the intended beneficial, 
therapeutic effect can artificially skew the feedback and reporting gathered post-
treatment.  Comparing a control group to a non-blinded treatment group creates the 
potential for treatment group participants to provide results that are not truly attributed to 
the intervention itself.  In this study, the potential for skewed results was accounted for 
by including questions within the pain questionnaire that asked about aspects of treatment 
other than tooth pain directly such as lip irritation, change in daily routine and opinion on 
tooth straightening. 
6.11.3. Differing clinician preferences 
 Numerous bracket systems and prescriptions exist for orthodontists to provide 
mechanotherapy during treatment.  In addition, the size of the initial arch wire chosen for 
alignment can vary between clinicians.  Owing to the fact that the graduate orthodontic 
clinic where participants were recruited strives to provide a comprehensive educational 
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experience and does not designate one specific bracket system for all patients, 
standardizing initial alignment was attempted by requiring use of a .014-in Niti initial 
arch wire with elastomeric ligatures for all research participants. 
6.12. Conclusions 
 This randomized controlled trial found a significant difference in maximum pain 
experience during initial tooth alignment for participants who received high frequency 
vibration compared to participants who received low frequency vibration at 4 hours after 
appliance placement.  No significant difference in pain experience was found at any time 
point after appliance placement between participants in the control group compared to 
participants who received low frequency vibration or the control group compared to 
participants who received high frequency vibration.  Time was a significant predictor of 
experiencing pain over the first week of orthodontic treatment.  The overall mean rate of 
alignment between treatments was not considered statistically significant.  Comparing 
rates depending on initial irregularity, it was found that as initial irregularity became 
severe the application of low frequency vibration significantly slowed the rate of 
alignment compared to controls.   
6.13. Future research 
 The frequency of vibration according to manufacturers is reported within this 
study, however the amplitude and intensity of vibration actually supplied to the teeth 
through the elastomeric mouthpieces was not determined.  Future research may include 
studying the effect of supplemental vibration with differing amplitudes, in addition to 
frequencies.   
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  Control group Questionnaire Data 
  Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 
0 0 0 2.4 0 3.9 0 8.9 92.2 100 100 
4 hr 95.6 31.6 2.3 96.2 3.9 51.7 13.1 97.8 96.4 88.6 
24 hr 99.3 98.9 2.2 80.8 4.4 97.3 98.1 98.5 97.6 90.6 
72 hr 99.2 96.9 4 54.3 2.7 34.4 46.3 99.3 99.3 98.1 
1 wk 46.5 47.5 3.7 23.3 3 11.7 25.2 98.9 98.6 99.1 
0 6.9 2.5 95.7 92.4 92.4 93.6 45.4 93.8 93.2 4.9 
4 hr 88 46.1 6.6 68.9 43.8 94.8 69.8 92.8 46.7 8.3 
24 hr 93.7 94.5 3.9 93 48.2 93.5 91.3 94.4 44.1 4.3 
72 hr 47.7 56.8 3.6 47 56.7 35.8 37.9 47.6 92.8 6.5 
1 wk 26.1 24.6 5.3 50.2 27.6 4.6 4.2 23.9 93.6 5.1 
0 37.5 59.1 99.1 26.1 2.7 40.8 71.1 99.5 99.5 98.5 
4 hr 96.9 98.3 83.6 4.3 24.5 99.1 99.1 99.1 98.5 82.6 
24 hr 76.2 99.4 19.5 3.6 28.1 24.8 99.2 98.6 34.8 3.7 
72 hr 99.1 72 37.4 1.8 99.1 1.9 76.3 98.5 28.3 2.8 
1 wk 22.9 16.9 97.3 2.5 98.5 3.6 17.5 23.3 60.5 49 
0 90.2 46.7 24.9 35.9 26.2 20.1 46.3 20 84.9 82.6 
4 hr 88.3 78.1 22.3 40 54.5 63.8 57.4 23.9 86.6 82.6 
24 hr 43.3 76.8 16.9 51.3 42.7 36.5 36.3 74.8 63.1 30.1 
72 hr 41.4 82.2 20.7 32.5 30.3 27.3 33.4 71.6 66.2 27.8 
1 wk 18.2 23.2 24.6 37.4 20.1 11 18.3 38.2 56.3 26.2 
0 15.2 5.7 98.7 15.3 46 35.3 26.4 48.5 100 63.7 
4 hr 58.8 65.3 56.2 23.2 36.7 100 87.6 66.9 100 57.7 
24 hr 83 74.5 40.6 78.6 26.7 61.5 70.5 41.1 99.1 82.9 
72 hr 55.3 49.9 34.4 46.4 47.2 2.5 39.5 30.7 99.9 98.8 
1 wk                     
0 60.3 67.1 23.7 73.8 27.8 71.3 34.8 91.8 83.5 59 
4 hr 82.9 84.4 26.4 65.1 45.1 92.9 91.2 99.2 81.7 42.3 
24 hr 84.9 83.9 42.3 69.1 22.2 100 100 100 80.9 66.2 
72 hr 72.2 72.3 26.9 72.4 64.4 60.4 47.2 83.6 78.1 34.7 
1 wk                     
0 100 74.6 100 53.5 0 50.7 65.3 100 74.5 0 
4 hr 100 100 100 69 0 50.7 48.8 51.4 100 100 
24 hr 100 100 100 45.9 0 45.9 50.8 50.9 100 100 
72 hr 100 100 0 49 0 48.1 45 100 100 100 
1 wk 70.7 84.2 75.4 0 0 0 49.5 19.3 51 0 
0 61.6 32.6 14.3 84.2 56.7 0 44.5 97.6 98.8 53.7 
4 hr 97.7 98.8 0 49.3 77.2 62.2 72.5 99.4 65.4 49.8 
24 hr 100 100 0.4 44.1 81 46.4 54.7 99.1 78.8 71 
72 hr 66.1 91.2 30.3 42.7 27.7 31.1 51.3 83.7 59.1 59.1 
1 wk 38.5 63.9 46.9 40.8 20.6 28.8 49.9 58.7 41.6 63.2 
0 99.4 53.3 3.7 59.8 28 44.4 26.6 93.9 49.4 78.7 
4 hr 97.7 58.6 3.9 83.1 3.3 82.3 96 97.4 67.2 86.4 
24 hr 96.1 91.4 6.9 67.8 4.3 33.2 64.6 94.6 47.6 37.5 
72 hr 41.7 64 33.3 29.5 69.5 35.1 64.3 97.6 38.3 22.4 
1 wk 4.9 16.5 24.4 27.3 9.6 4.5 3.5 97.9 28.6 35.6 
Table A. Control Group Questionnaire Raw Data 
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  Low Frequency Group Questionnaire Data 
  Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 10 
0 87.6 8.8 100 23.2 8.2 100 65.7 98.8 98.6 98.2 
4 hr 72.2 25.8 17.2 3.4 6.7 57.6 91.4 97 97.1 98.2 
24 hr 64.5 64.9 17.9 4.2 12.8 76.8 85.4 92.9 97.7 85.9 
72 hr 64.5 64.7 26.1 4.9 39.5 58.1 85.3 95.5 89.6 87.4 
1 wk 44.4 21.5 40.6 3.4 73.1 14.9 49.6 73.8 64.9 95.3 
0 16.7 17.1 1.4 3.2 1.1 3.2 1.8 47.7 82.7 12.1 
4 hr 81.3 84.2 12.1 22.1 27.7 76.9 80.1 66.9 80.5 14 
24 hr 91.6 97.8 34.6 19.1 42.7 88 89.8 81.6 85 47.9 
72 hr 68.7 72.9 74.8 37 0 66.2 67.2 99.3 98.8 75 
1 wk 14.7 9.5 86.6 2 1.2 30.6 19.1 90.5 88.7 86.3 
0 96.1 94.1 18.1 2.2 1.7 36.1 25.9 9.5 8.1 86.7 
4 hr 93.7 90.1 8.7 87.7 9.9 13 23.4 15.7 83.8 16 
24 hr 0.6 2.2 0.8 4.5 4.5 0 0.7 98.9 97.2 3.1 
72 hr 1.1 0 0 0 0 0.8 1.3 0 0 0 
1 wk 1.3 1.5 0 0 0.9 0 0 2.3 1.6 0 
0 96.9 94.8 23 28.9 3.1 96.7 98.5 98.7 96.2 97.1 
4 hr 99.5 99.3 18.7 20 7.1 74.1 89.7 98.8 99.6 99.6 
24 hr 93.4 92 9.8 17.1 22.1 41 7.8 96.2 92.7 92.4 
72 hr 80.5 92.3 13.7 0 30.4 54.7 89.7 93.7 93.5 82.4 
1 wk 24.5 24.1 47.9 31.1 6.5 3.7 49.1 15.9 67.1 34 
0 97.8 41.3 48.7 0 1.3 60.1 63.6 98.8 37.9 4 
4 hr 95.9 98.3 5.2 97.1 4.2 96.5 97.2 94.7 33 8.9 
24 hr 98.5 97.9 1.3 97.2 3.3 96.6 95.8 97.7 83 3.5 
72 hr 58.5 71 68.9 71.1 4.7 57.9 55.9 97.1 84.3 17.5 
1 wk 26.3 37.3 39.9 10.4 2.5 13.5 12.7 25.4 50.5 40.7 
0 44.5 9.5 0 14.2 9.4 0 14.7 79.8 83.5 94.2 
4 hr 80.3 87.4 16.2 47.6 74.3 41.9 57.9 93.6 72.1 82.4 
24 hr 70 83.6 22.7 51.8 62.8 76.9 50.2 86.7 78.5 52.9 
72 hr                     
1 wk                     
0 47.7 59.5 49 17.9 22.3 63.5 28.5 99.9 98.9 99.8 
4 hr 59.2 60.6 48.5 23.9 64.7 68.5 57.9 100 98.5 98.1 
24 hr 60.2 80.9 33.7 26.3 50.7 84.7 76.1 100 88 28 
72 hr 59.6 85.4 26.7 21.8 82.8 81.8 78.7 97.5 86.1 37.6 
1 wk 22.5 27.1 49.9 8.5 29.3 22.4 0 86.7 93.9 48.5 
0 99.5 48.8 85.8 46.4 0 54 99.6 100 99.1 0 
4 hr 100 100 89.7 76.6 100 99.9 100 100 100 18.1 
24 hr 52.5 89.5 90.3 73.6 99.2 11.6 88.3 99.8 50.4 8.5 
72 hr 79.8 98.9 90.6 81.4 100 19 88.1 54.5 76.1 23 
1 wk 19.7 17.8 87 29.2 0 1.9 20 1 17.4 18.8 
0 73.8 25.8 49.1 31.7 64 71.5 59.9 93.9 59.2 16.4 
4 hr 60.6 47.4 42.9 39.7 64.8 89.9 92.9 96.1 52.3 42 
24 hr 64.2 65.4 42.5 24.6 70 68.5 66.3 95 53.7 55.2 
72 hr 63.3 61.3 50.8 33.8 65.8 43.8 54.3 53.7 61.3 51.2 
1 wk 31.2 30.4 56.2 15.2 10.6 9.4 40.2 25.8 32.1 73.2 
0 46.8 60.7 22.3 49.3 14.9 83.8 66.9 85.8 98.1 63.8 
4 hr 99.4 88.7 10.8 52.7 59.2 98.9 97.4 97.5 100 53.4 
24 hr 98.8 98.6 9 17.8 51.3 75.1 98.5 100 31.9 29.4 
72 hr 49.5 39 52.4 26.9 29.9 5.8 12.5 43.3 42.9 67.2 
1 wk 13.4 13.7 60.2 3.3 3.3 3.3 10.3 43.1 41.8 73.2 
Table B. Low Frequency Group Questionnaire Raw Data 
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  High Frequency Group Questionnaire Data 
  Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 
0 19.9 18.8 34.1 60.8 78.3 46.6 36.9 46.4 96.8 38.5 
4 hr 80.2 87.9 79.9 36.1 82.5 0 31.8 38.8 86.2 43 
24 hr 77.5 78.1 51 71.5 78.3 43.4 64.8 58.1 41.1 71.7 
72 hr 31.2 69.4 47.7 26.5 94 62.4 69 57.4 39.6 73.3 
1 wk 16.5 51.1 79.5 22.9 23.3 50.1 51.3 25.7 72.5 35.3 
0 0 0 3.2 41.8 79.4 0 41.2 99.1 98.7 19 
4 hr 82.2 98.4 3.4 49.1 97.3 68.5 54.3 99.8 99.8 3.3 
24 hr 83.2 95.9 2.6 0 88.5 0 76.7 0 77.8 3.1 
72 hr                     
1 wk                     
0 1.4 1.2 94.5 8.7 2.5 46.4 7.7 46.3 92.7 47.4 
4 hr 96.7 95.5 12.6 40.1 6.2 81.4 71.3 93.4 97.6 4.3 
24 hr 91.1 94.2 5.9 52.1 18.9 47 24.1 90.2 92.8 47.7 
72 hr 23.8 62.9 81.9 27.8 9.1 13.7 33.7 54 80.6 43.9 
1 wk 6.5 9.9 84.4 9.2 9.5 8 14.3 17.8 47.4 50.3 
0 72.7 2.2 86.1 49.1 2.5 50.2 3.1 98.1 80.5 23.2 
4 hr 72.2 23.2 52.7 63.6 3.2 82.8 75.1 81 89 23.4 
24 hr 97.7 98.9 2 77.8 30.1 83 97.3 78.2 86.9 52.4 
72 hr 73.7 97.4 83.4 20.4 22 51.2 74.8 51 78.8 53 
1 wk 38.4 16.1 74.6 19.5 96.3 26.6 30.3 30.5 61.1 39.1 
0 21.9 2.5 98.6 2.5 2.1 50 60.9 70.9 38.3 99 
4 hr 64.3 32 98.4 1.4 0.2 64.7 26.6 66.8 58.1 100 
24 hr 97.5 53.5 98.5 0 1.4 83.4 52.7 77.6 27.6 98.5 
72 hr 29.4 20.1 98.7 0.7 0 26 23.6 22.9 31.7 99.8 
1 wk 0.9 1.8 100 0 0 1 0 0 13.7 99.2 
0 51.9 30.4 34.3 47.6 57.9 46.5 67.3 93 76.6 32.6 
4 hr 55.6 34.6 31.3 28.8 17.3 29.8 27.7 31.2 59.7 31.4 
24 hr 60.7 60.1 21.4 29.8 20.4 71.7 64 40.7 36.8 31.7 
72 hr 38.9 54.7 31.4 34.3 12 11.3 20.5 16.1 34.3 27.6 
1 wk 19.9 68.4 27.3 37 74.6 8.8 13.6 9 22.3 15.5 
0 54.9 76.2 53.8 29.3 1.4 50.7 63 51.5 98.7 99.8 
4 hr 51.6 26.9 52.5 3.6 0 51.4 62.4 55 98.3 99.6 
24 hr 18.9 22 52.7 0.6 1.1 26.3 50.4 1.6 99.2 98.7 
72 hr 1.4 16.6 53.9 0.6 1.1 0 28.9 0 99.5 100 
1 wk 23.1 16 55.3 0 0 0.7 53.5 0 99.9 99.5 
0 22.4 19.1 28 38.3 1.7   3.8 44.7 90.8 26.5 
4 hr 48.4 44.2 48.6 30.7 1.5 45.8 60 84.3 64.1 82.8 
24 hr 71.2 75.1 52.3 61.1 8.6 72.5 62.2 39.3 59.4 84.9 
72 hr 72 75.6 42.3 62 4.9 56.2 53.2 16.2 79.7 76.7 
1 wk 79.7 81.5 68.2 33 5.6 53.3 56.5 19.8 61.8 49.6 
0 46.6 47 79.6 13 18.4 47.4 23.2 22.6 12.9 95.6 
4 hr 96.2 96.2 98.5 2.2 2.2 2.6 23.1 19.2 2.7 96.6 
24 hr 96.2 95.5 96.6 3.3 2.5 2.5 48.6 17.2 2.8 99.1 
72 hr 2.9 2.8 2.3 2.3 4 4.9 3.5 29.8 2.5 98.6 
1 wk 2.3 3.3 2 2.1 2.7 2.2 2.4 1 3 98.4 
0 67.6 77.5   68.3 29.5 18.8 75.4 95 98.2 51.4 
4 hr 82.8 87.5 13.9 85 47.1 83.1 82 97.4 96.8 13 
24 hr 84.6 82.6 6.4 30.7 44.5 80.8 82.7 85.5 95.2 47.1 
72 hr 47.4 48.4 47.7 42.8 32.8 35.9 52.2 49.4 78 49.9 
1 wk 24.4 23.7 60.2 63 13.1 2.4 26.5 27.2 81.4 56 
Table C. High Frequency Group Questionnaire Raw Data 
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 0 4 hr 24 hr 72 hr 1 wk 
C
o
n
tr
o
l 
8.9 13.1 98.1 46.3 25.2 
45.4 69.8 91.3 37.9 4.2 
71.1 99.1 99.2 76.3 17.5 
46.3 57.4 36.3 33.4 18.3 
26.4 87.6 70.5 39.5  
34.8 91.2 100 47.2  
65.3 48.8 50.8 45 49.5 
44.5 72.5 54.7 51.3 49.9 
26.6 96 64.6 64.3 3.5 
L
o
w
 F
re
q
u
en
cy
 
65.7 91.4 85.4 85.3 49.6 
1.8 80.1 89.8 67.2 19.1 
25.9 23.4 0.7 1.3 0 
98.5 89.7 7.8 89.7 49.1 
63.6 97.2 95.8 55.9 12.7 
14.7 57.9 50.2   
28.5 57.9 76.1 78.7 0 
99.6 100 88.3 88.1 20 
59.9 92.9 66.3 54.3 40.2 
66.9 97.4 98.5 12.5 10.3 
H
ig
h
 F
re
q
u
en
cy
 
36.9 31.8 64.8 69 51.3 
41.2 54.3 76.7   
7.7 71.3 24.1 33.7 14.3 
3.1 75.1 97.3 74.8 30.3 
60.9 26.6 52.7 23.6 0 
67.3 27.7 64 20.5 13.6 
63 62.4 50.4 28.9 53.5 
3.8 60 62.2 53.2 56.5 
23.2 23.1 48.6 3.5 2.4 
75.4 82 82.7 52.2 26.5 
Table D. Reported maximum pain across time by treatment group. 
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 0 4 hr 24 hr 72 hr 1 wk 
C
o
n
tr
o
l 
0 31.6 98.9 96.9 47.5 
2.5 46.1 94.5 56.8 24.6 
59.1 98.3 99.4 72 16.9 
46.7 78.1 76.8 82.2 23.2 
5.7 65.3 74.5 49.9   
67.1 84.4 83.9 72.3   
74.6 100 100 100 84.2 
32.6 98.8 100 91.2 63.9 
53.3 58.6 91.4 64 16.5 
L
o
w
 F
re
q
u
en
cy
 
8.8 25.8 64.9 64.7 21.5 
17.1 84.2 97.8 72.9 9.5 
94.1 90.1 2.2 0 1.5 
94.8 99.3 92 92.3 24.1 
41.3 98.3 97.9 71 37.3 
9.5 87.4 83.6     
59.5 60.6 80.9 85.4 27.1 
48.8 100 89.5 98.9 17.8 
25.8 47.4 65.4 61.3 30.4 
60.7 88.7 98.6 39 13.7 
H
ig
h
 F
re
q
u
en
cy
 
18.8 87.9 78.1 69.4 51.1 
0 98.4 95.9     
1.2 95.5 94.2 62.9 9.9 
2.2 23.2 98.9 97.4 16.1 
2.5 32 53.5 20.1 1.8 
30.4 34.6 60.1 54.7 68.4 
76.2 26.9 22 16.6 16 
19.1 44.2 75.1 75.6 81.5 
47 96.2 95.5 2.8 3.3 
77.5 87.5 82.6 48.4 23.7 
Table E. Reported discomfort while chewing from each patient across all time 
points. 
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 0 4 hr 24 hr 72 hr 1 wk 
C
o
n
tr
o
l 
92.2 97.8 98.5 99.3 98.9 
93.8 92.8 94.4 47.6 23.9 
99.5 99.1 98.6 98.5 23.3 
20 23.9 74.8 71.6 38.2 
48.5 66.9 41.1 30.7   
91.8 99.2 100 83.6   
100 51.4 50.9 100 19.3 
97.6 99.4 99.1 83.7 58.7 
93.9 97.4 94.6 97.6 97.9 
L
o
w
 F
re
q
u
en
cy
 
98.8 97 92.9 95.5 73.8 
47.7 66.9 81.6 99.3 90.5 
9.5 15.7 98.9 0 2.3 
98.7 98.8 96.2 93.7 15.9 
98.8 94.7 97.7 97.1 25.4 
79.8 93.6 86.7     
99.9 100 100 97.5 86.7 
100 100 99.8 54.5 1 
93.9 96.1 95 53.7 25.8 
85.8 97.5 100 43.3 43.1 
H
ig
h
 F
re
q
u
en
cy
 
46.4 38.8 58.1 57.4 25.7 
99.1 99.8 0     
46.3 93.4 90.2 54 17.8 
98.1 81 78.2 51 30.5 
70.9 66.8 77.6 22.9 0 
93 31.2 40.7 16.1 9 
51.5 55 1.6 0 0 
44.7 84.3 39.3 16.2 19.8 
22.6 19.2 17.2 29.8 1 
95 97.4 85.5 49.4 27.2 
Table F. Reported awareness of braces across time by treatment group. 
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Control Low Freq High Freq 
Days II Days II Days II 
141 6 182 8 101 4 
92 4 92 2 155 7 
78 4 141 7 161 8 
134 18 182 8 113 6 
128 4 176 7 85 6 
114 4 190 12 83 2 
114 3 196 15 92 6 
98 2.5 99 3 134 2 
64 6.5 36 2.5 99 5 
64 5     85 3 
Table G. Days to alignment with initial Irregularity Index values by group. 
 
 
 
 
Repeated II 
Data 
2 2 
2.5 3 
6.5 5 
6 5 
4 3 
8 8 
4 4 
15 15 
5 4 
8 8 
Table H. Repeated measures of Irregularity Index values. 
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  Repeated Measures of Questionnaire Data 
  Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 
0 6.9 2.5 95.7 92.4 92.4 93.6 45.4 93.8 93.2 4.9 
4 hr 88 46.1 6.6 68.9 43.8 94.8 69.8 92.8 46.7 8.3 
24 hr 93.7 94.5 3.9 93 48.2 93.5 91.3 94.4 44.1 4.3 
72 hr 47.7 56.8 3.6 47 56.7 35.8 37.9 47.6 92.8 6.5 
1 wk 26.1 24.6 5.3 50.2 27.6 4.6 4.2 23.9 93.6 5.1 
0 6.6 2 95.5 92.3 92.3 93.4 45.1 93.7 92.7 4.3 
4 hr 87.6 45.5 6.6 68.4 43.7 94.4 69.7 92.3 46.8 7.9 
24 hr 93.8 96.3 3.9 92.6 48 93.6 90.8 93.9 43.4 3.8 
72 hr 47.2 56.6 3.4 46.9 56.4 35.4 37.7 47.5 92.7 6.1 
1 wk 26.2 24.3 5.1 49.9 27.7 4.6 4 24.2 93.7 5.1 
0 37.5 59.1 99.1 26.1 2.7 40.8 71.1 99.5 99.5 98.5 
4 hr 96.9 98.3 83.6 4.3 24.5 99.1 99.1 99.1 98.5 82.6 
24 hr 76.2 99.4 19.5 3.6 28.1 24.8 99.2 98.6 34.8 3.7 
72 hr 99.1 72 37.4 1.8 99.1 1.9 76.3 98.5 28.3 2.8 
1 wk 22.9 16.9 97.3 2.5 98.5 3.6 17.5 23.3 60.5 49 
0 37.5 59.2 99.3 26.4 2.8 40.8 70.8 99.3 99.7 98.8 
4 hr 99 98.5 84 4.4 24.7 99.1 99 99 98.5 82 
24 hr 76 99.2 19.5 3.8 27.8 24.7 98.7 98.7 34.5 3.7 
72 hr 99.4 72.1 37.4 1.9 99.2 2.1 76.5 98.5 28.4 3.1 
1 wk 22.9 17.1 97.5 2.5 98.4 3.7 17.4 23.5 60.6 49 
0 1.4 1.2 94.5 8.7 2.5 46.4 7.7 46.3 92.7 47.4 
4 hr 96.7 95.5 12.6 40.1 6.2 81.4 71.3 93.4 97.6 4.3 
24 hr 91.1 94.2 5.9 52.1 18.9 47 24.1 90.2 92.8 47.7 
72 hr 23.8 62.9 81.9 27.8 9.1 13.7 33.7 54 80.6 43.9 
1 wk 6.5 9.9 84.4 9.2 9.5 8 14.3 17.8 47.4 50.3 
0 1.3 1 94.1 9 2.5 46.7 7.9 46.5 93.4 47.6 
4 hr 96.9 95.8 12.7 40.3 6.1 81.5 71.5 93.5 98.1 4.6 
24 hr 91.3 94.8 6 52.5 19.3 47.3 24.6 90.7 93.1 48.3 
72 hr 24.1 63.5 82.6 28.3 9.3 13.6 34 54.7 80.8 44.1 
1 wk 6.8 10.2 85.2 9.4 9.7 8.2 14.2 17.8 47.6 50.8 
0 96.9 94.8 23 28.9 3.1 96.7 98.5 98.7 96.2 97.1 
4 hr 99.5 99.3 18.7 20 7.1 74.1 89.7 98.8 99.6 99.6 
24 hr 93.4 92 9.8 17.1 22.1 41 7.8 96.2 92.7 92.4 
72 hr 80.5 92.3 13.7 0 30.4 54.7 89.7 93.7 93.5 82.4 
1 wk 24.5 24.1 47.9 31.1 6.5 3.7 49.1 15.9 67.1 34 
0 96.3 94.4 22.8 29 3.2 96.5 98.7 98.7 98.1 96.7 
4 hr 99.6 99.6 19.1 19.9 6.9 74.2 89.8 99 99.4 99.5 
24 hr 93.4 91.9 9.7 17.1 22 41.3 7.9 96.1 92.7 91.9 
72 hr 81.1 92 13.8 0 30.4 54.7 89.4 93.9 93.4 81.7 
1 wk 24.7 24 48 30.1 6.3 3.5 48.8 16.1 67.1 34.2 
0 100 74.6 100 53.5 0 50.7 65.3 100 74.5 0 
4 hr 100 100 100 69 0 50.7 48.8 51.4 100 100 
24 hr 100 100 100 45.9 0 45.9 50.8 50.9 100 100 
72 hr 100 100 0 49 0 48.1 45 100 100 100 
1 wk 70.7 84.2 75.4 0 0 0 49.5 19.3 51 0 
0 100 100 100 53.3 0 50.8 65.5 100 100 0 
4 hr 100 100 100 68.9 0 50.8 48.9 51.7 100 100 
24 hr 100 100 100 45.9 0 45.9 50.9 50.9 100 100 
72 hr 100 100 0 48.5 0 48.8 45.3 100 100 100 
1 wk 70.7 84.2 75.4 0 0 0 49.6 19.5 51.7 0 
0 99.5 48.8 85.8 46.4 0 54 99.6 100 99.1 0 
4 hr 100 100 89.7 76.6 100 99.9 100 100 100 18.1 
24 hr 52.5 89.5 90.3 73.6 99.2 11.6 88.3 99.8 50.4 8.5 
72 hr 79.8 98.9 90.6 81.4 100 19 88.1 54.5 76.1 23 
88 
 
1 wk 19.7 17.8 87 29.2 0 1.9 20 1 17.4 18.8 
0 99.7 49 85.9 46.1 0 54.1 99.8 100 99.4 0 
4 hr 100 100 89.9 76.6 100 99.9 100 100 100 18.3 
24 hr 52.3 89.5 90.1 73.5 99.4 11.5 88.1 100 50.4 8.4 
72 hr 79.6 98.5 90.8 81.3 100 18.7 88.2 54.1 75.7 22.5 
1 wk 20 17.6 87.4 29.2 0 2.2 19.7 0.9 17 18.4 
0 51.9 30.4 34.3 47.6 57.9 46.5 67.3 93 76.6 32.6 
4 hr 55.6 34.6 31.3 28.8 17.3 29.8 27.7 31.2 59.7 31.4 
24 hr 60.7 60.1 21.4 29.8 20.4 71.7 64 40.7 36.8 31.7 
72 hr 38.9 54.7 31.4 34.3 12 11.3 20.5 16.1 34.3 27.6 
1 wk 19.9 68.4 27.3 37 74.6 8.8 13.6 9 22.3 15.5 
0 52 30.1 34.2 47.7 57.5 46.9 67.5 93.1 76.5 32.7 
4 hr 55.6 34.3 31.3 29.1 17.1 29.7 27.9 31.3 59.6 31.9 
24 hr 60.9 60.5 21.5 29.9 20.6 71.6 63.9 40.5 37.1 31.1 
72 hr 38.8 54.6 31.7 34 12.5 11.5 20.4 16.1 34.2 28.2 
1 wk 20 68.6 27.7 36.6 74.1 8.4 13.7 9.1 22.7 15.5 
0 61.6 32.6 14.3 84.2 56.7 0 44.5 97.6 98.8 53.7 
4 hr 97.7 98.8 0 49.3 77.2 62.2 72.5 99.4 65.4 49.8 
24 hr 100 100 0.4 44.1 81 46.4 54.7 99.1 78.8 71 
72 hr 66.1 91.2 30.3 42.7 27.7 31.1 51.3 83.7 59.1 59.1 
1 wk 38.5 63.9 46.9 40.8 20.6 28.8 49.9 58.7 41.6 63.2 
0 62.5 32.8 14.2 84.6 56.6 0 44.3 97.5 98.9 53.7 
4 hr 97.9 98.9 0 49.2 77.2 62.6 72.4 99.1 65.5 50 
24 hr 100 100 1 44.2 81.3 46.4 54.8 100 78.9 70.9 
72 hr 66.2 91.2 30.3 42.9 27.7 31.4 51.6 84.1 58.8 59.2 
1 wk 38.3 64 46.9 40.7 20.4 28.9 49.8 59 41.8 62.7 
0 46.8 60.7 22.3 49.3 14.9 83.8 66.9 85.8 98.1 63.8 
4 hr 99.4 88.7 10.8 52.7 59.2 98.9 97.4 97.5 100 53.4 
24 hr 98.8 98.6 9 17.8 51.3 75.1 98.5 100 31.9 29.4 
72 hr 49.5 39 52.4 26.9 29.9 5.8 12.5 43.3 42.9 67.2 
1 wk 13.4 13.7 60.2 3.3 3.3 3.3 10.3 43.1 41.8 73.2 
0 47.2 60.9 22.3 49.4 15.3 84.3 66.9 86.3 98.4 64.3 
4 hr 99.2 88.7 11.3 52.9 60 99.1 97.9 97.9 100 53.3 
24 hr 98.9 98.6 9.1 17.9 51.6 75 99.1 100 32 29.9 
72 hr 49.4 39.4 52.5 26.9 30.3 5.8 12.4 43.5 43.4 67.1 
1 wk 13.5 14.4 60.3 3.4 3.2 3.4 10.6 43.2 41.9 73.3 
0 46.6 47 79.6 13 18.4 47.4 23.2 22.6 12.9 95.6 
4 hr 96.2 96.2 98.5 2.2 2.2 2.6 23.1 19.2 2.7 96.6 
24 hr 96.2 95.5 96.6 3.3 2.5 2.5 48.6 17.2 2.8 99.1 
72 hr 2.9 2.8 2.3 2.3 4 4.9 3.5 29.8 2.5 98.6 
1 wk 2.3 3.3 2 2.1 2.7 2.2 2.4 1 3 98.4 
0 46.9 46.8 79.8 13 18.2 47.9 23.4 22.9 12.6 95.9 
4 hr 96.2 96.2 98.6 2.3 2.3 2.7 43.2 19 2.5 96.7 
24 hr 96.2 95.8 96.8 3.2 2.5 2.5 48.7 17.2 2.8 98.7 
72 hr 3.2 2.9 2.4 2.4 3.9 5 3.5 29.6 2.5 99 
1 wk 2.3 2.9 1.8 2 2.6 1.9 2.4 1.4 3.2 98.6 
Table I. Repeated measures of Questionnaire Raw Data. 
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Appendix A.  VAS questionnaire. 
 
 
